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BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

The present invention relates to a welding machine and a 
welding method, by which and in which cylinder members are 
connected together. Specifically, one cylinder member is 
inserted within another cylinder member and energy is applied 
to the outside cylinder member, around an outside diameter of 
the cylinder member, using an energy-applying unit(s), so 
that the cylinder members become welded together. 

2. Description of Related Art: 

Generally, when multiple cylinder members are welded 
together around their peripheries, energy is applied to the 
cylinder members in a single direction using an energy 
source. An example is shown in FIG. 8. First, an inner 
cylinder member 201 having a columnar shape is press-fitted 
into an outer cylinder member 200 having a circular pipe-like 
shape. Then, a laser beam 211, generated by a laser 
generator, is focused on the outer cylinder member 2 00 using 
an optical head 210 disposed outside the outer cylinder 



member 200. Thus, the outer cylinder member 2 00 and the 
inner cylinder member 201 become welded to each other at a 
point of contact at an outer periphery while cylinder members 
200 and 201 are rotated. 

However, when both cylinder members are welded to each 
other by applying energy to both at only one position, a 
problem occurs. That is, relative thermal distortion is 
generated among a non-melted portion, a melted portion due to 
the applied energy, and a portion starting solidification. 
For this relative thermal distortion, both cylinder members 
are deformed from a pre-weld shape 220 shown in FIG. 9A to a 
post-weld shape 221 shown in FIG. 9B. As shown in FIG. 9B, 
both cylinder members are deformed in a direction 
perpendicular to an energy-applying direction, and each 
cylinder member is deformed to an elliptical shape when 
viewed in cross-section. 

Here, elliptical-deformation processes will be described 
when the cylinder members are welded in the circular or 
circumferential direction by applying energy in a single 
direction using an energy source. Before welding, for 
example, when one cylinder member is press-fitted into and 
attached to another cylinder member, both cylinder members 
are deformed. Then, this deformation is made larger by 
relative distortion between an expanded portion and a 
contracted portion due to welding, and each cylinder member 
is deformed to an elliptical shape in its cross section. 
Even when the cylinder members are not deformed and 



substantially have a complete circular shape before welding 
as shown in FIG. 9A, they are deformed after welding as shown 
in FIG. 9B. The shape 220 substantially having a circular 
shape tends to deform to the shape 221 having an elliptical 
5 shape in a direction crossing the energy-applying direction 
at a weld-starting position. In FIGS. 9A and 9B, larger and 
smaller circles described with broken lines indicate the 
largest and smallest diameters among the welded and deformed 
portions, respectively. 
10 Irrespective of deformation before welding, when welding 

7'. is performed in an angle area from zero degrees to 90 degrees 

Hi 

U in a circular direction, the cylinder members are deformed to 

Uj an elliptical shape due to thermal expansion, and an amount 
of deformation increases. When the welding proceeds to an 

|S angle of 180 degrees, the elliptical deformation is relieved 
0 by expansion due to welding progress in an angle area from 90 
degrees to 180 degrees and by shrinkage due to solidification 
in the angle area from zero degree to 90 degrees. Then, the 
amount of the deformation is decreased. When the welding 

20 proceeds to an angle of 270 degrees, the relieved elliptical 
deformation is again enlarged by expansion due to welding 
progress in an angle area from 180 degrees to 270 degrees. 
When the welding proceeds to an angle of 360 degrees, the 
elliptical deformation is relieved by expansion due to 

25 welding progress in an angle area from 270 degrees to 3 60 
degrees and by shrinkage due to solidification in the angle 
area from 180 degree to 270 degrees. Then, the amount of the 



deformation decreases. As the welding proceeds in the angle 
area, the amount of the deformation increases and decreases. 
The cylinder members are deformed to an elliptical shape due 
to welding. Even when the welding proceeds beyond 3 60 
5 degrees and the same portion is welded many times, the above- 
described deformation process is repeated at the previously- 
welded portions. In a member requiring metal sealing, when 
the member is deformed by welding, sealing performance is 
degraded . 

10 In FIGS. 9A and 9B, large and small circles shown with 

% broken lines indicate the largest and smallest diameters 
it among the welded and deformed portions, respectively. The 
hj shape 220, being substantially circular, tends to be deformed 
to the elliptical shape 221 in a direction crossing the 
IS energy-applying direction at a weld-starting position. 

In order to restrict both cylinder members from being 
iU deformed due to the method where energy is applied to both in 
a single direction, the following method is considered. As 
shown in FIG. 10, energy is applied to both cylinder members 
20 at two positions simultaneously in directions opposing each 
other at 180 degrees. However, energy is applied to the 
outer and inner cylinder members 200 and 201 at two positions 
opposing each other in the radial direction, and both 
cylinder members are readily deformed at two positions. 
25 Therefore, both cylinder members are readily deformed in a 
direction perpendicular to the energy-applying direction. 
Accordingly, a shape 23 0, substantially having a complete 



circular shape before welding as shown in FIG. 11A, tends to 
be deformed to a shape 231 having an elliptical shape after 
welding, shown in FIG. 11B, in a direction crossing the 
energy-applying directions at weld-starting positions. In 
5 FIGS. 11A and 11B, large and small circles shown with broken 
lines indicate the largest and smallest diameters among the 
welded and deformed portions, respectively. 

When foreign matter is mixed into a portion to be melted 
with applied energy, the foreign matter may be evaporated by 
10 the applied energy, so that pores are sometimes generated at 

l! the welded portion. When pores are generated at the welded 

i 

portion, welding failure may occur. 

ru 

Uj SUMMARY OF THE INVENTION 

■■D 

It is a first object of an embodiment of the present 

w 

1*5 invention to provide a welding machine and a welding method, 
for welding cylinder members together in the circular 

!M direction, which prevents the cylinder members from being 
deformed and which corrects the deformation of a portion to 
be welded. It is another object of an embodiment of the 

20 present invention to provide a welding method which prevents 
pores from being generated at a welded portion. It is 
another object of an embodiment of the present invention to 
provide a welding machine for reducing fuel leakage of an 
injector. 

25 For example, when a cylinder member is press-fitted into 

a different cylinder member before welding, the deformation 
of the cylinder members due to this press-fitting can be 

5 



corrected by welding. 

According to a welding machine in an embodiment of 
the present invention, energy-applying units, for applying 
energy generated by an energy source to cylinder members, are 
disposed outside the cylinder members at two positions. An 
angle by which the energy-applying units are separated from 
each other in a circular direction about the cylinder members 
is defined by 8 degrees, where 80^6^100. That is, the 
energy-applying units melt the cylinder members at two 
positions separated from each other at approximately 90 
degrees in the circular (circumferential or peripheral) 
direction. Therefore, the cylinder members are deformed in 
two directions perpendicular to each other, and the cylinder 
members are uniformly deformed at the welded portions, 
thereby preventing the welded portions of the cylinder 
members from being deformed overall. Further, the cylinder 
members are uniformly deformed at the welded portions, 
thereby correcting a shape of a portion to be welded, if it 
is deformed before welding. 

Additionally, energy-applying units, for applying energy 
generated by an energy source to cylinder members, may be 
disposed outside the cylinder members at multiple positions. 
When the number of the energy-applying units is defined by 
" n" and an angle " 0," by which the neighboring energy- 
applying units are separated from each other in a circular 
direction about the cylinder members, a relationship exists 
such that [(360/n) - 10 ] <s9<; [ ( 360/n) + 10]. Therefore, three 



or more energy-applying units may melt the cylinder members at 
three or more positions separated from each other substantially 
by the same angle in the circular direction, that is, around 
the periphery of the circular members. Thus, the cylinder 
members are uniformly deformed at the welded portions, thereby 
preventing the welded portions of the cylinder members from 
being deformed overall. Further, the cylinder members are 
uniformly deformed at the welded portions, thereby correcting a 
shape of a portion to be welded, if it is deformed before 
welding. 

According to a welding machine in an embodiment of the 
present invention, the energy-applying units are disposed in a 
plane perpendicular to a center axis of the cylinder members, 
and the energy is introduced from the energy-applying units to 
the cylinder members along the intersection of the plane and 
the outer cylinder member. Therefore, the direction in which 
the energy is applied to the cylinder members does not change 
with respect to the axis of the cylinder members, thereby 
uniformly welding the cylinder members around their periphery. 

According to an embodiment of the present invention, the 
welding machine is used as an injector welding machine. Using 
the welding machine, a housing member and a valve body as a 
cylinder member are welded to each other by melting them in a 
circular direction. Since the housing member and the valve 
body are uniformly deformed at all of their welded portions, 
they can be prevented from overall deformation at their welded 
portions. Further, if a shape of their portions to be welded 



are deformed before welding, that can be corrected. An off- 
center situation between the valve body and the valve member is 
reduced while the complete-circle degree (circularity) of an 
inner peripheral surface (forming a valve seat) of the valve 

5 body is improved. Further, when the valve member is seated on 
the valve seat, a clearance between the valve seat and the 
valve member becomes smaller. Therefore, seat performance 
between the valve seat and the valve member is improved. 
Accordingly, when the valve member is seated on the valve seat, 

IQ an amount of fuel, leaked from the clearance between the valve 

'pi seat and the valve member, is reduced. 

According to a welding machine of another embodiment of 

ru 

the present invention, a movable core and the valve member as 
cylinder members are welded to each other by melting them about 

IS their peripheries. Since the movable core and the valve member 
[j are uniformly deformed at all of their welded portions, overall 
deformation can be prevented. Further, if a shape of their 
portions, to be welded, is deformed before welding, that also 
can be corrected. An off-center situation between the valve 

20 body and the valve member is reduced while overall circularity 
of the valve member is improved. Further, when the valve 
member is seated on the valve seat, a clearance between the 
valve seat and the valve member becomes smaller. Therefore, 
seat performance between the valve seat and the valve member is 

25 improved. Accordingly, when the valve member is seated on the 
valve seat, an amount of fuel, leaked from the clearance 
between the valve seat and the valve member, is reduced. 



According to a welding machine in an embodiment of the 
present invention, the housing member and a magnetic member as 
cylinder members are welded to each other by melting them in a 
circular direction (around a periphery). Since the housing 
5 member and the magnetic member are uniformly deformed at all of 
their welded portions, they can be prevented from being 
deformed at their welded portions. Further, if a shape of 
their portions, to be welded, are deformed before welding, that 
also can be corrected. Further, circularity of the housing 

10 member is improved, thereby reducing an off-center situation 
between the valve member and the valve body welded to the 

fid 

u housing member. Further, when the valve member is seated on 

11 ,1 

iy the valve seat, a clearance between the valve seat and the 

:.p 

valve member becomes smaller. Therefore, seat performance 
between the valve seat and the valve member is improved. 
Accordingly, when the valve member is seated on the valve seat, 
y an amount of fuel, leaked from the clearance between the valve 
seat and the valve member, is reduced. 

Further, the cylinder members may be welded together while 

20 the cylinder members are rotated about the center axis of the 
cylinder members, as a rotation axis, relative to the energy- 
applying units. Then, a portion of the cylinder members, 
melted by the energy applied from one of the neighboring 
energy-applying units in the circular direction, is again 

25 melted by the energy applied from another unit. This is a type 
of secondary heat application. Therefore, even when pores are 
generated in a portion of the cylinder members welded by the 



energy applied from one of the energy-applying units, the 
portion is again melted by energy applied from another unit, so 
that the pores are eliminated during the second melting. 

Further areas of applicability of the present invention 
5 will become apparent from the detailed description provided 
hereinafter. It should be understood that the detailed 
description and specific examples, while indicating the 
preferred embodiment of the invention, are intended for 
purposes of illustration only and are not intended to limit 
10 the scope of the invention. 

Z BRIEF DESCRIPTION OF THE DRAWINGS 

12 The present invention will become more fully understood 

;j from the detailed description and the accompanying drawings, 
wherein: 

IS FIG. 1 is a schematic perspective view showing a 

welding machine in an embodiment of the present invention; 

< iy FIG. 2 is a schematic explanation view showing 

deformation due to welding of both cylinder members; 

FIG. 3A is a schematic explanation view showing a 

20 cross-section of a cylinder member in a case of high working 
accuracy before welding; 

FIG. 3B is a schematic explanation view showing a 
cross-section of a cylinder member in a case of high working 
accuracy after welding; 

25 FIG. 4A is a schematic explanation view showing a cross- 

section of a cylinder member in a case of low working accuracy 
before welding; 

10 



FIG. 4B is a schematic explanation view showing a 
cross-section of a cylinder member in a case of low working 
accuracy after welding; 

FIG. 5A is a schematic sectional view showing a 
welded portion with pores formed before invoking two-time 
welding techniques; 

FIG. 5B is schematic cross -sectional view showing 
deformation of a welded portion with no pores after invoking 
two-time welding techniques; 

FIG. 6 is a cross-sectional view showing an injector 
welded by a welding machine of an embodiment of the present 
invention; 

FIG. 7 is a characteristic graph showing a 
relationship between circularity of a cylinder member and oil- 
sealing performance; 

FIG. 8 is a schematic perspective view showing a 
welding machine in a conventional example 1; 

FIG. 9A is a schematic explanation view showing cross 
section deformation of a cylinder member before welding in a 
conventional example 1 of Fig. 8; and 

FIG. 9B is a schematic explanation view showing the 
cross section deformation of a cylinder member after welding in 
a conventional example 1 of FIG. 8; 

FIG. 10 is a schematic perspective view showing a 
welding machine in a conventional example 2; 

FIG. 11A is a schematic explanation view showing 
cross-section deformation of both cylinder members before 



welding in the conventional example 2 of FIG. 10; and 

FIG. 11B is a schematic explanation view showing 
cross-section deformation of both cylinder members after 
welding in the conventional example 2 of FIG. 10. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The following description of the preferred embodiments is 
merely exemplary in nature and is in no way intended to limit 
the invention, its application, or uses. 

FIG. 1 is a schematic view showing a welding machine in 
an embodiment of the present invention. An outer cylinder 
member 10 and an inner cylinder member 11 have circular 
cross-sections, and the inner cylinder member 11 is press- 
fitted into the outer cylinder member 10. For example, the 
outer and inner cylinder members 10, 11 could be a 
combination of a housing of an injector and a nozzle body, 
respectively. 

A laser generator 1 as an energy source generates a 
high-energy laser beam such as an yttrium aluminum garnet 
(YAG) laser beam and a carbon oxide (C02) laser beam. A 
laser beam, generated by the laser generator 1, is dispersed 
in two directions by a spectroscope 2 . Two dispersed laser 
beams are focused on the outer cylinder member 10 by two 
optical heads 20 as energy-applying units, respectively. The 
optical heads 20 are disposed outside the outer and inner 
cylinder members 10, 11 in a plane perpendicular to a center, 
longitudinal axis of both cylinder members 10, 11. Further, 

12 



the optical heads 20 are separated from each other by 
approximately 90 degrees in a circular direction about the 
center, longitudinal axis of the cylinder members 10, 11. 
The laser beams 30, focused on the outer cylinder member 10 
by the optical heads 20, are introduced along a plane 
perpendicular to the center axis of both cylinder members 10, 
11. The outer and inner cylinder members 10, 11 are 
completely welded to each other in the circular direction 
using the laser beams 30 focused by the optical heads 20. An 
arc discharge beam and an electron beam may be used as high 
energy for welding both cylinder members together. 

When the outer and inner cylinder members 10, 11 are 
completely welded to each other in the circular direction, 
they are rotated relative to the optical heads 20. When 
possible, the optical heads 20 may be rotated about both 
cylinder members 10, 11. Further, the outer and inner 
cylinder members 10, 11 may be rotated more than one 
revolution. Thus, a portion, melted by the laser beam 30 at 
a front side in a rotational direction, is again melted by 
the laser beam 30 at a rear side in the rotational direction. 

Next, description will be made on welding operations of 
the welding machine in an embodiment of the present 
invention. In FIGS. 3A-4B, large and small circles noted 
with broken lines indicate the largest and smallest diameters 
among the welded and deformed portions, respectively. The 
optical heads 2 0 are disposed outside the outer cylinder 
member 10 and separated from each other substantially by 90 

13 



degrees. The outer and inner cylinder members 10, 11 are 
welded to each other at two positions separated from each 
other substantially by 90 degrees about the periphery of the 
cylinder members 10, 11. When the welding is performed by 
applying the laser beam 30 only in a single direction, 
relative thermal distortion is generated among a non-melted 
portion, a melted portion by applying the laser beam 30, and 
a portion starting solidification. For this relative thermal 
distortion, both cylinder members tend to deform in a 
direction crossing the applying direction of the laser beam 
30. 

in the present example, the laser beams 3 0 are focused 
on the outer cylinder member 10 at two positions separated 
from each other by approximately 90 degrees. Therefore, the 
laser beam 30 is focused on the outer cylinder member 10 by 
one of the two optical heads 20 in a direction where the 
outer and inner cylinder members 10, 11 are deformed due to 
the laser beam 30 focused by the other of the two optical 
heads 20. Accordingly, as shown in FIG. 2, the directions, 
in which the outer and inner cylinder members 10, 11 are 
deformed due to the laser beams 30, are perpendicular to each 
other. Thus, both cylinder members are uniformly deformed 
in radial directions. 

As shown in FIG. 3A, when a pre-welding shape 50 of both 
cylinder members is substantially a circle due to a high 
working accuracy for both cylinder members, a post-welding 
shape 51 thereof shown in FIG. 3B can also be maintained to 

14 



be substantially a circle. As shown in FIG. 4A, even when a 
pre-welding shape 60 of both cylinder members is deformed due 
to a low working accuracy for both cylinder members, both 
cylinder members are uniformly deformed in two directions 
5 perpendicular to each other. Therefore, the deformation of 
the pre-welding shape 60 is corrected to a post-welding shape 
61 of both cylinder members, shown in FIG. 4B, which is 
substantially a circle. 

When foreign matter and the like are mixed into a 
10 portion of both cylinder members 10, 11 to be welded, the 
!•=! following problem occurs. That is, as shown in FIG. 5A, when 

m 

the portion containing the foreign matter is melted by the 
iy laser beam focused with one of the optical heads 20, pores 71 

are generated in the welded portion 70 containing the foreign 
iU matter. However, the laser beam 30 is focused on the welded 
J portion 7 0 by the other of the optical heads 20, and the 
ny welded portion is again melted, so that the pores 71 are 

eliminated as shown in FIG. 5B. 

For example, the welding machine of the present example 
20 is used to weld cylinder members of an injector 100 shown in 

FIG. 6. The cylinder members described above may correspond 

to a valve housing 101, a valve body 110, a valve member 120, 

a movable core and a magnetic member 135 of the injector 100. 

In FIG. 6, welded portion locations 142, 144 are indicative 
25 of weld locations but welding is not limited to those 

locations. At first, a structure of the injector 100 will be 

described. 



In FIG. 6, the valve housing 101 as a housing member of 
the injector 100 is integrally formed so that a first 
magnetic portion 102, a non-magnetic portion 102 as a 
magnetic resistance portion and a second magnetic portion 104 
5 are disposed from a fuel injection side in this order. The 
valve housing 101 is magnetized, and thereafter the non- 
magnetic portion 103 is non-magnetized by heating a portion 
of the valve housing 101. Thus, the first and second 
magnetic portions 102 and 104 remain magnetized. An inner 
10 peripheral wall of the first magnetic portion 102 is welded 
:J to an outer peripheral wall of the valve body 110. The valve 
U housing 101 contains the valve member 120 and the movable 

UJ core 122 being capable of reciprocating therein. A cup- 

: .D 

shaped injection hole plate 112 is welded to the outer 

Q 

l| peripheral wall of the valve body 110, and is sandwiched 

ill; between the valve body 110 and a supporting member. The 
injection hole plate 112, formed in a thin plate shape, 
defines plural holes (injection holes) in its center portion. 
The valve member 120, formed in a cylindrical shape 

20 having a bottom, includes a contacting portion 121 at the 
bottom. The contacting portion 121 can be seated onto a 
valve seat provided on the inner peripheral wall of the valve 
body 110. The cylindrical movable core 122 is welded to the 
valve member 12 0 at an opposite side of the injection holes. 

25 A side wall of the valve member 120 defines plural fuel 
through holes 120a at an upstream side of the contacting 
portion 121. Fuel passes through the fuel through holes 120a 

16 



from the inside to the outside, and flows toward a seat 
portion constructed by the contacting portion 121 and the 
valve seat 111. When the contacting portion 121 is seated 
onto the valve seat 111 using force applied by a spring 125, 
the injection holes are closed, and fuel injection is 
stopped. The movable core 122 is attracted to a fixed core 
130 by energizing a coil 140 as an electromagnetic driving 
device, and the valve member 120 is separated from the valve 
seat 111 together with the movable core 122. The injection 
holes are released, and the fuel injection is permitted. 

The fixed core 130 is disposed opposite the injection 
holes relative to the movable core 122, and faces the movable 
core 122. One end of the spring 125 is engaged to an 
adjusting pipe 131, and the other end thereof is engaged to 
the movable core 122. Force of the spring 125 is applied 
toward the valve seat 111. 

Magnetic members 135, 136 are disposed at an outer 
peripheral side of the coil 140 as an electromagnetic driving 
device. The first magnetic portion 102 and the fixed core 
130 are magnetically connected to each other by the magnetic 
members 135, 13 6 through the second magnetic portion 104. A 
magnetic circuit is constructed by the fixed core 13 0, the 
movable core 122, the first magnetic portion 102, the second 
magnetic portion 104 and the magnetic members 135, 136. 

The valve body 110 is inserted into the first magnetic 
portion 102, and they are welded to each other by the welding 
machine shown in FIG. 1 in the above-described welding 

17 



manner. The first magnetic portion 102 is inserted into the 
magnetic member 135, and they are welded to each other by the 
welding machine shown in FIG. 1 in the above-described 
welding manner. The valve member 120 is inserted into the 
movable core 122, and they are welded to each other by the 
welding machine shown in FIG. 1 in the above-described 
welding manner. 

Since the circularity of each cylinder member 
constructing the injector 100 is improved, an off-center 
condition between the valve body 110 and the valve member 120 
is reduced. That is, coaxial alignment is improved. 
Further, when the valve member 120 is seated on the valve 
seat 111, a clearance between the valve seat 111 and the 
valve member 12 0 becomes smaller. Since seat performance 
between the valve seat 111 and the valve member 120 is 
improved, oil-tight or oil -sealing performance is improved as 
shown in FIG. 7. in FIG. 7, the oil-sealing performance 
indicates an amount of fuel leaked from the clearance between 
the valve seat 111 and the valve member 120 when the valve 
member 120 is seated on the valve seat 111. As can be seen 
from Fig. 7, as deviation from circular form increases, oil- 
sealing performance is degraded, that is, a higher flow rate 
of fluid results from between the clearance between the valve 
seat 111 and the valve member 120, for example. 

In the example of an embodiment of the present invention 
described above, two optical heads 20, as the energy-applying 
units, are disposed outside the outer cylinder member 10 at 

18 



two positions separated from each other by an angle 0 of 90 
degrees. However, the angle 8 is not limited to 9 0 degrees, 
but it is permitted that 8O<s0<;9O. Further, the laser beams 
30 are focused in directions perpendicular to the center axis 
of both cylinder members. However, the laser beams 30 may be 
focused in directions that are not perpendicular to the 
center axis of the cylinder members. 

The number of the optical heads 20 is not limited to 
two, but three or more optical heads 20 may be disposed 
outside the outer cylinder member 10 at three or more 
positions separated from each other substantially by the same 
angle. Then, the outer and inner cylinder members 10, 11 may 
be welded to each other. When three or more energy-applying 
units are disposed, the number of the energy-applying units 
is defined by " n" , and an angle " 0" , by which the 
neighboring optical heads 20 are separated from each other in 
the circular direction about both cylinder members, is 
defined. At this time, the optical heads 20 are disposed so 
that [(360/n) - 10] ^0<s [ (360/n) + 10]. When the structure of 
the welding machine is considered, the number of the optical 
heads 20 is unlikely to exceed ten. 

The description of the invention is merely exemplary in 
nature and, thus, variations that do not depart from the gist 
of the invention are intended to be within the scope of the 
invention. Such variations are not to be regarded as a 
departure from the spirit and scope of the invention. 
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